The morphogenesis of epithelial organs is initiated as a focal outgrowth of undifferentiated epithelial cells into the mesenchymal interface.
The epithelial buds elongate, followed by organ specific morphogenesis and cell differentiation.
In these processes, the epithelium and mesenchyme interact (SAxEN,1976) . According to MASTERS (1976) , in the developing lung, a minimum quantity of the mesenchyme is necessary for the epithelial growth and cytodifferentiation.
Migrated cranial neural crest cells (ectomesenchymal cells), which are very rich in RNA (MILAIRE, 1959) , participate in the formation of the teeth, skeleton, connective tissues and peripheral nervous system (JOHNSTON and LISTGARTEN, 1972) . According to NlcxoLs's experiments using the differential staining technique (1981) , migration of the neural crest cells in the head of the mouse is underway before the neural tube formation : i.e. the neural crest cells start to migrate at the 4-6 somite stage (Theiler's stage 12) (THEILER, 1972) . Therefore, it is assumed that the neural crest cells have reached the mandibular process at stage 14 when no organ primordium is identifiable in the mandibular process of the rat.
The present study aims to clarify the morphological features of the epithelial-mesenchymal interface of the oral side of the mandibular process at stages preceding the formation of epithelial organs such as tooth buds and salivary glands in the rat.
MATERIALS AND METHODS
Wistar strain rat embryos were used at Theiler's stages 14 and 15 (THEILER, 1972) . Embryos were fixed in a phosphate buffered (0.08 M, pH 7.3, 3.5°o sucrose) solution with paraformaldehyde (2%) and glutaraldehyde (2.5%) at room temperature for 90 min. Mandibular processes were dissected from the embryos during this fixation process. After washing with the phosphate buffer, the isolated mandibular processes were post-fixed for 90 min in 1 % osmium tetroxide of the same buffer at 4°C. Some of the mandibular processes were fixed in a ruthenium red solution (500 ppm, Taab Lab.) containing 2.7% glutaraldehyde buffered with 0.1 M sodium cacodylate (pH 7.3) at room temperature for 60 min. Then the washed mandibular processes with the buffer were post-fixed for 2 hr in 1 % osmium tetroxide containing ruthenium red in the same buffer at room temperature.
After fixation, the tissues were dehydrated in a series of alchohol and embedded in Epon 812. The thin sections were stained with uranyl acetate and lead citrate, to be examined in a JEM 100B electron microscope.
RESULTS

Overview of the primordia in mandibular processes
At stages 14 and 15, oral epithelial cells lined up over the undifferentiated ectomesenchymal cells. Mitotic figures were seen randomly, and the cytoplasm was rich in free ribosomes with a small amount of rough endoplasmic reticulum (Fig. 1, 6 ).
Epithelial-mesenchymal interface at stage 14
The basal surface of the epithelium was smooth, excepting some cell processes projecting toward the mesenchyme (Fig. la) . The basal lamina was thin and often disrupted ( Fig. l-4 ). Basal lamina-like segments existed at random in the interface (Fig. lb, 2, 3, 5b) . The filopodia of the epithelial cells adjoining basal lamina-like segments contained many smooth vesicles and coated vesicles (Fig. 2) . Through disruptions in the basal lamina, the epithelial cell processes often extended into the mesenchymal area (Fig.  4b, c) . Neither gap nor tight junctions were found between the epithelial and ectomesenchymal cell processes. Sometimes an epithelial cell possessed two processes which protruded into the mesenchymal space and directly contacted the ectomesenchymal cell processes (Fig. 4c) .
In the epithelial cell processes, no mitochondrion or rough endoplasmic reticulum were found, although microfilaments of 5-6 nm diameter were present (Fig. 3, 4b) . In some long epithelial cell processes, microtubules and microfilaments were found, and coated vesicles existed at the tip of the bundle of microtubules (Fig. 3) . Some epithelial cell processes covered with intact basal lamina protruded into the mesenchymal space as a simple process (Fig. 5a ). The basal lamina was sometimes surrounded by an epithelial cell process; in such cases irregular basal lamina-like materials were attached to the basal lamina (Fig. 2b, 5b ). A few membrane-bounded dense granules were located on the basal side of the epithelial cells (Fig. lb) . The basal surface of the epithelial cell was smooth, and no cell process protruded into the mesenchymal space ( Fig. 6, 7 ). The basal lamina was continuous with partial lamina duplication where the epithelial surface was slightly concave (Fig. 7) . Some coated pits opened to the concave surfaces of the epithelial cells (Fig. 7b) . Ectomesenchymal cells had many filopodia, through which microfilaments passed linearly; no mitochondrion or rough endoplasmic reticulum were found. Many of them were in contact with the lamina densa either directly or via the thin filaments (Fig. 7) .
Distribution of ruthenium red-positive anionic sites
At stage 14, anionic sites appeared as particles which were located at intervals of 53-105 nm along the basal lamina or on the thin filaments in the intercellular space beneath the basal lamina (Fig. 8) . Anionic sites also existed in some coated pits (Fig. 8c) .
At stage 15, anionic sites were distributed in the lamina lucida and on the thin filaments in the intercellular space beneath the basal lamina at intervals of 58-95 nm (Fig. 9 ). In the area of lamina duplication, anionic sites were distributed in the same pattern as in the single basal lamina (Fig. 9c) . 
DISCUSSION
Direct cell contact at the epithelial-mesenchymal interface was observed in the stomodeal side of the mandibular process at stage 14 (Fig. 4a-c) . Intimate cell contact at the epithelial-mesenchymal interface exists in several developing or regenerating organs (PANNESE, 1962; ROSS and ODLAND,1968; CUTLER and CHAUDHRY, 1973; BLUEMINK et al., 1976; SLAVKIN and BRINGAS, 1976; CUTLER, 1977) . BLUEMINK et al. (1976) and CUTLER (1977) observed intimate cell contacts at sites of branching morphogenesis in the lung and the submandibular gland. MATHAN et al. (1972) also reported that epithelialmesenchymal cell contact appeared during the period of rapid growth and differentiation of the duodenal mucosa. During odontogenesis preceding the secretion of enamel protein, direct contact occurs between the cell process of the inner enamel epithelium and that of the ectomesenchymal cell (SLAVKIN and BRINGAS, 1976) . They suggest that the direct contact between heterotypic cells induces the differentiation of the cells. But the mechanisms by which the genetic signals are transferred have not been elucidated. In the rat, contact between finger-like processes of the oral epithelial cells and the underlying ectomesenchymal cells was found at stage 14 (Fig. 4) , but penetration of the cell processes through the basal lamina had disappeared by stage 15 (Fig. 6, 7) . This stage-specific cell contact may trigger the initiation of oral epithelial organogenesis.
The disruption of the basal lamina disappeared at stage 15 in the rat mandibular process (Fig. 5-7, 9 ). By using transfiler cultivation systems, it has been shown that intimate contact between epithelial and mesenchymal cells is necessary for the restoration of disintegrated basal lamina components by the epithelium of tooth buds (THESLEFF et al., 1978) and cornea (MEIER and HAY, 1975) . According to BROWNELL et al. (1981) , fibronectin derived from the mesenchyme promotes the synthesis of the basal lamina macromolecules (type IV collagen, proteoglycans, glycosaminoglycans and laminin). The ectomesenchymal cells at stages 14 and 15 are considered to promote the synthesis of the basal lamina by the active synthesis of fibronectin.
Basal epithelial cell processes with no basal lamina contained microfilaments (Fig.  2, 3 ). These microfilaments of 5-6 nm diameter are considered to be actin filaments, since they resemble the 6 nm thick microfilaments which bind to heavy merromyosin in the filopodia of BHK 21 cells, reported by GoLDMAN and KNIFE (1973) . It has been suggested that actomyosin systems provide the locomotory force of cells (WESSELS et al., 1971; GOLDBERG et al., 1980) . The irregular processes demonstrated at stage 14 in the rat (Fig. 2, 3, 4b , 4c, 5) may presumably be moving actively at this stage.
In the present study of rat mandibular processes, the irregular-shaped basal lamina in the epithelial-mesenchymal interface was seen only at stage 14 (Fig. ib, 2, 3) ; smooth vesicles were located on the basal side of the epithelial cells (Fig. 2) . Furthermore, coated vesicles or smooth vesicles which coexisted with bundles of microtubules and microfilaments were observed in the epithelial cell processes (Fig. 3) . CSATO and MERKER (1983) observed the initial stage of the basal lamina formation in the dorsal region of the neural tube and in the growth buds of the epithelial tubes in the lung anlage. They believed the irregular-shaped tannic-acid-positive plaques or free segments in the vicinity of the epithelial cell membranes to be the basement membrane segments.
They also attributed the dense membrane-bounded granules to have a function in the secretion of the basement membrane. Furthermore, IMHOF et al. (1983) , who noticed the possible existence of a functional association between coated vesicles and microtubules, suggested that microtubules could be used as sliding tracks in a transport system of neurotransmitter-containing vesicles. According to SALISBURY et al. (1980) , microfilaments decorated with heavy merromyocin associate with coated regions of the plasma membrane and with coated vesicles in receptor-mediated endocytosis. Furthermore, ISENBERG et al. (1980) showed that actin filaments participated in the axonal transport.
In the oral epithelium at stage 14, the formation of basal lamina components may presumably have started and be transported via such an organella system.
The continuous basal lamina was recognized underneath the oral epithelium in the rat mandibular process at stage 15 (Fig. 6, 7) . The basal lamina has been suggested to be essential not only for maintenance of epithelial morphogenesis of the salivary gland (BERNFIELD and BANERJEE, 1972; BERNFIELD et al., 1972; BANERJEE et al., 1977; SPOONER and FAUBION,1980) , but also for differentiation of odontogenic cells (RUCH et al., 1974; GALBRAITH and KOLLAR, 1974; HETEM et al., 1975; THESLEFF et al., 1978) and mammary cap cells (WILLIAMS and DANIEL, 1983) . OLIVE and RUCH (1982) showed that dental papilla covered with a continuous intact basement membrane increased the mitotic index in the dental epithelium.
Thus, the continuous basal lamina at stage 15 seems to be necessary for the epithelial organogenesis such as tooth germ and salivary gland.
Ruthenium red-positive anionic sites in the basal lamina were distributed as lattice (Fig. 8, 9 ). They are presumed to contain proteoglycans such as observed in the mammary gland (GoRDON and BERNFIELD, 1980) and the salivary gland (CoHN et al., 1977) . In the basal lamina, proteoglycan granules form a regular array, with a distance of about 70 nm between the granules in mammary epithelium (GORDON and BERNFIELD, 1980) , 55-60 nm in the embryonic cornea (TRELSTAD et al., 1974) , 60 nm in the kidney (KANWAR and FARQUHAR, 1979) and 55-65 nm in the alveolar wall (VAccARO and BRODY, 1981) . However, in the rat oral epithelial side, the array of anionic sites was not so regular: i.e., they were arranged at a spacing of 53-105 nm at stage 14, and 58-95 nm at stage 15 (Fig. 8, 9 ). According to BRODY et al. (1982) and GRANT et al. (1983) , distribution of the anionic sites in the areas of alveolar basal laminae not only in the postnatal lung but also in the developing lung is modified with age. LAURIE and LEBLOND (1983) also stated that the production of collagen in the basement membrane was observed only at an early stage in the cell life in embryonic endodermal cells. The random distribution of the anionic sites in the mandibular process at stage 14 may reflect the active synthesis or remodelling process of the basal lamina.
Local duplication of the basal lamina at stage 15 (Fig. 7, 9c ) seems due to remnants which covered the irregular epithelial cell border at stage 14, and the inner basal lamina is presumed to be incorporated into the epithelial cells via coated pits (Fig. 7b) . According t0 SMITH and BERNFIELD (1982) , however, mesenchyme degrades the glycosaminoglycan of the epithelial basal lamina in the submandibular gland. Therefore, the degradation of the duplicated basal lamina in the rat mandibular processes is presumed to be controlled by both the epithelium and the mesenchyme, although evidence showing degradation of the basal lamina was scanty in the present study.
In this report we found some structural remodelings occurring in the epithelial mesenchymal interface of the rat mandibular processes at stages 14 and 15. These remodelings were presumed to be important preliminary events for the following dynamic organogenesis. 
